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1. INTRODUCTION TO COST OF DOING NOTHING 

The άcost of doing nothingέ refers to the estimated losses that the State of Maine and its citizens could 
incur if the State does not adapt to climate change and make its own contributions to reducing the 
extent of climate change. The cost of doing nothing is primarily determined based by damage incurred 
by climate-related hazards, but we have also included losses in sequestration associated with potential 
climate hazards. 

A cost of doing nothing analysis serves several 
purposes. First, it helps the State set an economic 
baseline of the costs it will incur if Maine does 
not undertake adaptation or mitigation action, 
costs that can be avoided and that can 
additionally be weighed against the costs of 
taking action. Second, it defines the benefits of 
adaptation and mitigation actions, so the State 
can select those actions that have the greatest 
chance of reducing damages from climate 
change.  

Understanding the costs of doing nothing 
provides perspective on the potential benefits of 
doing something (i.e., mitigation and adaptation 

strategies). Thus, Eastern Research Group (ERG) developed these cost of doing nothing estimates, 
together with a related report on the cost-benefit and cost-effectiveness of various adaptation and 
mitigation strategies, to help inform strategy recommendations from the Maine Climate Council 
Working Groups.  

We note that Maine should not consider costs as the sole deciding factor in choosing mitigation and 
adaptation strategies, but rather view them in combination with details that the working groups provide 
on feasibility and timing, as well as considerations of equity in how different groups will share the risks 
and burdens related to climate change. It is also important to keep in mind the limitations of each cost 
we evaluated, as this report focuses on those that are readily quantifiable.  

To develop this cost of doing nothing analysis, ERG first completed a statewide vulnerability assessment 
to identify key characteristics of communities as well as infrastructure and other assets most vulnerable 
to climate impacts. The team then ran an economic assessment of damages to those communities and 
assets under a no-action alternative. We intersected the hazard layer (e.g., flooding, heat) with an 
economic layer (e.g., the value of housing, the value of ecosystems) to help evaluate the exposed value 
to the hazard. When feasible, we incorporated the extent of damage (e.g., a depth-damage curve that 
considers how the depth of flooding is tied to damage, in addition to the extent of flooding), which 
allowed us to move from calculating the exposed value to a damage or loss. Finally, we tried to 
incorporate the probability of the hazard to move from the damage associated with an event to an 
expected annual loss over time, which provides more insight into accounting of benefits and costs. To 
quantify the costs of lost carbon sequestration ǳƴŘŜǊ ǘƘŜ άŘƻ ƴƻǘƘƛƴƎέ ǎŎŜƴŀǊƛƻ, ERG used the social 
cost of carbon, which Appendix A discusses in detail. In most chapters of this report, ERG estimates 
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exposure. In many cases, ERG also made credible jumps to assess losses by analyzing how the value of 
the asset or job would be lost or damaged by a climate hazards or climate change.  

We divided the overall cost of doing nothing analysis into 
distinct sub-analyses that are relevant to one or more of 
ǘƘŜ aŀƛƴŜ /ƭƛƳŀǘŜ /ƻǳƴŎƛƭΩǎ six working groups and one 
subcommittee: 

¶ Buildings, Infrastructure, and Housing Working 
Group 

¶ Coastal and Marine Working Group 

¶ Community Resilience Planning, Public Health, 
and Emergency Management Working Group 

¶ Energy Working Group 

¶ Natural and Working Lands Working Group 

¶ Transportation Working Group 

¶ Scientific and Technical Subcommittee 

Each sub-analysis includes an overview of the proposed 
strategy, results from the cost of doing nothing analysis, methods and limitations, and 
recommendations for detailed studies. Our estimates relate to a subset of the strategies proposed by 
the Maine Climate Council working group(s). As we fill data gaps and receive more information from the 
six working groups and the Scientific and Technical Subcommittee, we could expand the scope of this 
cost of doing nothing analysis. 

FUTURE CLIMATE SCENARIOS AND PROJECTIONS 

Representative Concentration Pathways (RCPs): This report explores the costs of inaction on climate 
change, which requires us to adopt a set of assumptions about how the climate will change over the 
coming decades. Notably, no one actually knows the extent or pace of climate change, so adaptation 
strategies must begin with a choice by policymakers of how much climate change to prepare for. The 
most common way to do this ƛǎ ǿƛǘƘ άƭƻǿ,έ άƳŜŘƛǳƳ,έ ŀƴŘ άƘƛƎƘέ rates using the RCPs, which are 
greenhouse gas concentration trajectories adopted by the Intergovernmental Panel on Climate Change. 
The RCPs are as follows:  

¶ RCP2.6: One pathway where carbon emissions start declining in 2020. This assumes major and 
immediate reductions in emissions and caps global temperature rise at 2.8 degrees F (compared 
to 1850ς1900).  

¶ RCP4.5 and RCP6.0: Two intermediate stabilization pathways where emissions decline after 
2050 and global temperatures rise by 4.3 and 5.4 degrees, respectively.  

¶ RCP8.5: One high pathway where emissions continue to rise to end of century. This is also 
known as the άōǳǎƛƴŜǎǎ as ǳǎǳŀƭέ scenario and leads to a global temperature rise of 7.7 degrees 
F by 2100.  

Key Terms 

 
Loss: The actual reduction in value. 

Hazard: The driving force that creates 
the reduction.  

Exposure: The probability that the 
reduction will occur at any level of 
climate change. 

Vulnerability: A value could be reduced 
by climate change, identified by the co-
location of a hazard and potential loss; 
vulnerability which changes with the 
extent of climate change and hazards. 
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TƘŜ aŀƛƴŜ /ƭƛƳŀǘŜ /ƻǳƴŎƛƭΩǎ {ŎƛŜƴŎŜ ŀƴŘ 
Technical Subcommittee recommended that 
ERG capture impacts of climate change across 
all four RCPs to the extent possible. We have 
emphasized RCP4.5 to RCP8.5 because there is 
near consensus that the global community has 
missed the window for RCP2.6.   

Sea level rise: In considering the effects of 
these RCPs on sea level rise specifically, the 
Science and Technical Subcommittee 
recommended that the Maine Climate Council 
consider an approach of committing to manage 
climate change for a certain higher-probability, 
lower-hazard scenario, as well as preparing to 
manage for a lower-probability, higher-hazard 
scenario. The higher-probability, lower-hazard 
scenarios are associated with the intermediate 
scenario from Sweet et al. (2017) and were 
applied in all flood damage, exposure, and beach erosion mapping in this report, as shown in Table 1.1  

Table 1. Sea Level Rise Scenarios Applied Throughout This Report 
Flood Hazard 

Scenario Mapped 
Year Climate Projection 

HAT + 1.6 ft sea level 
rise 

2050 Likely range 67% probability sea level rise is between 1.1 ς 1.8 ft in 
2050  

HAT + 3.9 ft sea level 
rise 

2100 Likely range 67% probability sea level rise is between 3.0 ς 4.6 ft in 
2100 

This likely range of projections incorporates the central and 5 percent estimates of the Fourth National 
Climate Assessment for RCP8.5. It also includes the 5 percent probability for the Fourth National Climate 
Assessment RCP4.5 estimate (Hayhoe et al., 2018).  

To capture a lower-probability, higher-hazard scenario, the ERG team and Science and Technical 
Subcommittee selected an additional scenario that represents the intermediate scenario for sea level 
rise in 2100 plus a 1 annual percent chance of storm surge. This additional scenario was applied in all 
damage and inundation mapping and is described in Table 2. 

 
1 Note: These sea-level rise projections are relative to 2000 water levels. The analyses we performed typically 
assessed damage starting in 2020; thus, a few inches of sea level rise has already occurred by 2020. 

What is Highest Astronomical Tide (HAT)?  

HAT is the elevation of the highest predicted 
astronomical tide expected to occur at a specific 
tide station over the National Tidal Datum Epoch 
(standard time NOAA uses to measure sea level 
trends) ς  HAT visualizes a worst-case flooding 
scenario. 
 

Why project sea level rise on top of it? 
I!¢ ŀǇǇǊƻȄƛƳŀǘŜǎ aŀƛƴŜΩǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ ǳǇǇŜǊ 
boundary of coastal wetlands through aŀƛƴŜΩǎ the 
{ǘŀǘŜΩǎ Mandatory Shoreland Zoning Act. As such, 
HAT is an important proxy for a regulatory 
boundary that allows communities to see how 
boundaries might change in the future.  
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Table 2. Additional Sea Level Rise Scenarios Applied Throughout This Report 
Flood Hazard 

Scenario 
Year Climate Projection 

HAT + 8.8 ft sea level 
rise 

2100 HAT + 3.9 ft of sea level rise + 1% annual chance storm  

OR 

Central estimate for a high sea level rise scenario for 2100  

In analyzing impacts to blue carbon, the ERG team also considered salt marsh response to sea level rise 
in terms of the intermediate scenarios listed in Table 1 above (with the addition of HAT + 1.2 feet for 
2030 impacts). The ERG team applied slightly different scenarios for eelgrass response to sea level rise 
based on best available data. Specifically, eelgrass grass exposure scenarios are mean higher high water 
(MHHW) + 1, 2, and 4 feet of sea level rise (corresponding to 2030, 2050, and 2100). These scenarios are 
within two-tenths of a foot of the intermediate scenarios from Sweet et al. (2017).  

Riverine flooding: While the sea level rise maps in this report show sea level rise-induced flood risk 
along tidally influenced riverbanks, data were not available to show changing riverine flood risk across 
Maine. As such, the ERG team applied Federal Emergency Management Agency (FEMA) 1 percent and 
0.2 percent annual chance flood risk maps, which present historical flood risk for rivers, lakes, 
watercourses, and coastal flood hazard areas. Investigation of current flood risk impacts is the best 
alternative given that global flood risk models do not agree on whether the 100-year flood will increase 
or decrease in Maine under future climate conditions (Hirabayashi et al., 2013; Arnell & Gosling, 2016). 
These existing FEMA data allow the State to plan for existing flood risks and areas where flooding could 
become more severe, with intense floods becoming more frequent (e.g., a flood 0.2 percent chance 
flood intensity may occur with the same frequency as the 1 percent annual chance flood over the 
coming decades).  

EVALUATING IMPACTS TO JOBS AND GROSS DOMESTIC PRODUCT (GDP) 

We used a regional economic modeling tool called REMI to estimate potential adverse impacts of 
climate change ƻƴ aŀƛƴŜΩǎ ŜŎƻƴƻƳƛŎ ƻǳǘǇǳǘ ǳƴǘƛƭ ǘƘŜ ȅŜŀǊ нлрл. We artificially decreased economic 
output in one specific industry at a time to explore how the state economy would react to a shock in 
specific industries. We reduced industry output for a specific industry at a linear rate from a baseline of 
0% in 2020 to -50% in 2050. In Table 3, we see that aŀƛƴŜΩǎ ŜŎƻƴƻƳƛŎ ƻǳǘǇǳǘ ǿƻǳƭŘ ŘŜŎƭƛƴŜ ƻǾŜǊ мр҈ ōȅ 
the year 2050 due to this reduction in the tourism sector, while it would decline over 18% due to a 50% 
decline in winter tourism output.  

Methods: REMI is a dynamic input-output modeling software. It can be used to measure the economic 
changes that occur in different industries because of an economic shock such as a decrease in output for 
a certain industry, or several lost jobs in a sector. To assess the multipliers that REMI uses to model 
changes through the economy, we added changes to single or groups of industries for a single year and 
saw how this impacted the economy in the short and long term. We assess four single or groups of 
industries: fishing, forestry, tourism, winter tourism, and agriculture. For tourism and winter tourism, 
ERG extracted a list of the sectors involved in tourism from the Bureau of Economic Analysis. We used 
three different scenarios to assess the impacǘ ƻƴ aŀƛƴŜΩǎ ǘƻǘŀƭ ƻǳǘǇǳǘΣ ŀ ǎƛƴƎƭŜ ȅŜŀǊ ǎƘƻŎƪ ƛƴ ǿƘƛŎƘ ǘƘŜ 
industry lost 50% of output for the year 2020 (initial), an increasing shock over time where the reduction 
in output was increasing linearly between 2020 and 2050 so that it reached -50% by the year 2050 
(increasing), or a constant shock of -50% output for every single year between 2020 and 2050. 
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Results: We ran REMI between 2019 and 2050, including an output (i.e., revenue) reduction for the 
specific industry (or grouping of industries in the case of the two tourism examples). These three 
different scenarios for each industry show the negative impact over time that a different economic 
shock can have on a region over time. For example, in the Forestry, constant scenario, we used the 
ΨCƻǊŜǎǘǊȅ ŀƴŘ [ƻƎƎƛƴƎΩ ƛƴŘǳǎǘǊȅ ŀƴŘ ǘƘŜ ƻǳǘǇǳǘ ǾŀǊƛŀōƭŜ ƛƴ w9aLΦ ²Ŝ ŀŘƧǳǎǘŜŘ ƻǳǘǇǳǘ ǘƻ ōŜ -50% for 
every year 2020 to 2050. The results are showing the decrease in output across all industries every five 
years so the entire Maine economy would see a 0.22% loss in output in the year 2050 because of this 
decreased output in the Forestry and Logging industry. Additionally, if the Tourism industry, identified in 
the footnote, increased between 2020 and 2050 at a linear rate due to a climate issue like sea level rise 
(Tourism, increasing scenario), the entire Maine economy would see over an 8% decrease by the year 
2035 and over a 15% decrease in output by the year 2050. 

Table 3. w9aL aǳƭǘƛǇƭƛŜǊǎ ƻŦ aŀƛƴŜΩǎ 9ŎƻƴƻƳƛŎ hǳǘǇǳǘ ōŜǘǿŜŜƴ нлнл ŀƴŘ нлрл 

Sector 
Percent 
Shock 

Duration 
Year / Percent Change 

2020 2025 2030 2035 2040 2045 2050 

Farm -50% Constant -0.96 -0.93 -0.92 -0.95 -0.99 -1.03 -1.08 

Fishing -50% Constant -0.72 -0.76 -0.71 -0.72 -0.74 -0.75 -0.76 

Forestry -50% Constant -0.22 -0.24 -0.22 -0.21 -0.22 -0.22 -0.22 

Tourism [a] -50% Constant -14.66 -16.08 -15.75 -16.32 -16.6 -16.89 -17.19 

Winter Tourism [b] -50% Constant -16.18 -17.43 -17.15 -17.87 -18.46 -19.07 -19.7 

Farm -50% Increasing -0.03 -0.18 -0.33 -0.49 -0.66 -0.84 -1.04 

Fishing -50% Increasing -0.02 -0.14 -0.26 -0.37 -0.48 -0.59 -0.71 

Forestry -50% Increasing -0.01 -0.04 -0.07 -0.1 -0.13 -0.16 -0.19 

Tourism -50% Increasing -0.47 -3.14 -5.7 -8.22 -10.66 -13.18 -15.72 

Winter Tourism -50% Increasing -0.52 -3.41 -6.23 -9.11 -12.03 -15.16 -18.43 

Farm -50% Initial -0.96 0 0 0 0 0 0 

Fishing -50% Initial -0.72 0.01 0 0 0 0 0 

Forestry -50% Initial -0.22 0 0 0 0 0 0 

Tourism -50% Initial -14.66 -0.05 -0.03 -0.1 -0.04 -0.06 -0.06 

Winter Tourism -50% Initial -16.18 0.02 0.01 -0.08 -0.03 -0.04 -0.05 

Notes: 

[a] Tourism Industries: Retail trade, Scenic and sightseeing transportation and support activities for transportation, 
Consumer goods rental and general rental centers, Travel arrangement and reservation services, Educational services; 
private, Museums, historical sites, and similar institutions, Amusement, gambling, and recreation industries, 
Accommodation, Food services and drinking places, Other miscellaneous manufacturing 

[b] Winter Tourism Industries: Ventilation, heating, air-conditioning, and commercial refrigeration equipment 
manufacturing, Other transportation equipment manufacturing, Other miscellaneous manufacturing, Wholesale trade, 
Retail trade, Educational services; private, Spectator sports, Amusement, gambling, and recreation industries, 
Accommodation 
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2. FORESTS, NATURAL WORKING LANDS, AND CARBON SEQUESTRATION 

2.1. INTRODUCTION 

Forests cover nearly 90 percent ƻŦ aŀƛƴŜΩǎ total area and 
sequester over 60 percent of its annual carbon emissions (Maine 
Climate Council Scientific and Technical Subcommittee, 2020). 
Moreover, the state has over 17 million acres of forests and over 
460,000 acres of agricultural land (Daigneault et al., 2020). 
However, some of these lands are currently under threat of 
development. As land use practices move toward development 
and away from protecting natural lands, the ability of the 
agricultural soils and forests to sequester carbon will diminish. 
Diminished carbon sequestration is not the only concern for 
forests and agricultural lands; the changing climate will also impact 
them in known and unknown ways, possibly impacting jobs.  

2.2. CARBON SEQUESTRATION 

2.2.1. Results 

Using the methods outlined in Section 2.2.2, ERG calculated the total carbon sequestration potential 
(Table 4) lost to land use changes. The total amount of carbon sequestration lost by 2030 would be over 
42,000 tons of carbon, equaling a social value of nearly $2.3 million (Table 4) and a market value of over 
$0.2 million. Lost carbon mitigation would equal over 150,000 tons of carbon by 2050, for a social cost 
of $6.5 million and a market value of over $1.1 million. Using the upper estimate of the social cost of 
carbon would result in a cumualtive loss of $7 million by 2030, nearly $33 million by 2050, and over 
$167 million in sequestration value by the year 2100. 

Table 4. Total Carbon Sequestration Lost Due to Land Use Changes 

Year 
Carbon Storage 
Lost each Year 

(Tons) 

Cumulative 
Carbon Storage 

Lost (Tons) 

Lower Social 
Cost of Carbon 

Estimate (2019$) 

Upper Social 
Cost of Carbon 

Estimate (2019$) 

Market Price of 
Carbon (2019$) 

2030 3,854  42,392  $2,368,891 $7,092,258 $221,588 

2050 5,781  158,008  $10,809,364 $32,933,199 $1,178,603 

2100 7,708  543,394  $54,119,042 $167,592,268 $11,468,960 

Note: See Appendix A for more detail on the social cost and market price of carbon. 

2.2.2. Methods 

ERG calculated the amount of carbon that could be lost due to land change practices until the year 2100. 

2.2.2.1. Data 

To calculate the amount of carbon sequestration lost as a result of land use changes, ERG used the 
estimates outlined in Table 5 of total acreage and change in carbon per year (flow) for both agricultural 
lands and forests. Based on suggestions from the Natural and Working Lands Working Group, we 
estimated land use changes to be 10,000 acres per year between 2020 and 2030, 15,000 acres between 
2030 and 2050, and 20,000 acres between 2050 and 2100. ERG split the total developed land 

Applicable Working 
Group(s): 

 
Ä Buildings, Infrastructure, 

Housing 
Ä Coastal and Marine 
Ä Energy 
X Natural Working Lands 
Ä Resilience 
Ä Transportation 
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proportionally between forests and agricultural lands. We then calculated the total carbon storage per 
acre per year and split the total land lost per year proportional to the amount of total acreage between 
agricultural lands and forests.  

Ὕέὸὥὰ ὅ ὴὩὶ ώὩὥὶ
ὅὪὰέύ

ὥὧὶὩ
ὒzὥὲὨ ὒέίὸ

ὅὪὰέύ

ὥὧὶὩ
ὒzὥὲὨ ὒέίὸ 

Where: 

C = Carbon 

F = Forest 

A = Agricultural 

To calculate the social cost of carbon, we extrapolated 9t!Ωǎ Interagency Working Group (2016) values 
out to 2100 (see Table A-3) using a linear scale based on the average difference between the 2020 and 
2050 values, then converted the value to 2019 dollars. Similarly, for the market value of carbon, we 
extrapolated values from Table A-4 out to 2100. We then multiplied the total carbon by the cost to get 
the total market value and social costs. 

Table 5. Model Parameters 
Parameters Forests Agricultural Lands Source 

Total land (acres) 17,502,904 460,904 Daigneault et al. (2020) 

Carbon flow (tons carbon/year) 7,151,000 -228,000 Bai et al. (2020) 

2.2.2.2. Assumptions 

Using current conversion rates from agricultural lands and forests to developments, the Natural and 
Working Lands Working Group estimated that Maine will lose approximately 10,000 acres of natural 
lands (forests and agricultural lands) per year between 2020 and 2030; that estimate increases to 15,000 
acres between 2030 and 2050 and to 20,000 acres between 2050 and 2100. 

2.2.2.3. Limitations 

Our approach had several limitations. First, current land use practices are not consistent year to year, 
and as we extend those projected changes into the future, the variability becomes much less certain, 
though the average will not vary as widely. Second, the amount of carbon stored in both agricultural 
lands and forests is highly variable and using a single value for each may result in overestimating or 
underestimating these values. Third, based on our land loss estimates, we used a proportional loss for 
agricultural lands compared to forests that equated to between 2.5 and 3 percent agricultural loss which 
may be the trend over many years but is unlikely to be the case in any given year. 
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2.3. NATURAL LANDS JOBS AND ECONOMICS 

2.3.1. Forest Industry  

While the majority of counties and census tracts in Maine do not heavily rely on the forestry sector,2 
several regions do, as shown in Figure 1. These data from InfoUSA show us that the northern region of 
Somerset County, along with several census tracts in Aroostook County, are much more dependent on 
forestry as a percentage of overall jobs at over 8 percent. Increasing temperatures in Maine would make 
winter conditions and employment less predictable (Kuloglu, Lieffers, & Anderson, 2019). 

Figure 1. wŜƭŀǘƛǾŜ 9ƳǇƭƻȅƳŜƴǘ ƻŦ aŀƛƴŜΩǎ Forest Industry by Census Tract 

 

 
2 Forestry-related industries include forestry and logging, forestry services, forestry machinery and equipment 
merchant wholesalers, forestry machinery and equipment rental or leasing, forestry research and development 
laboratories or services, and forestry machinery and equipment repair and maintenance services. 
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2.3.2. Agricu ltural  Industry  

In 2017, crops accounted for 61 percent of revenues on Maine farms, while livestock accounted for 39 
percent. The impact that climate change will have ƻƴ Ƨƻōǎ ƛƴ aŀƛƴŜΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ƛƴŘǳǎǘǊȅ3 is unclear; 
increases in temperature could have potential positive effects such as a longer growing season. 
However, as temperatures increase, the risk of severe weather increases the potential of negative 
impacts to agricultural jobs (Maine Climate Council Scientific and Technical Subcommittee, 2020). As 
shown in Figure 2, agricultural jobs make up a small proportion of the job market, comprising less than 1 
percent of jobs in most census tracts of Maine.4 That percentage increases in parts of Aroostook County 
and in some census tracts in other regions, where agriculture comprises over 10 percent of jobs.  

While the agricultural industry accounts for a relatively small proportion of jobs, the impact that a 
reduced output of agricultural and food processing can have on jobs in those sectors is significant. ERG 
used REMI to measure the impact of reduced farm and farm-related5 output by decreasing output 
linearly up to 50 percent between 2020 and 2050. Table 6 shows the resulting percent loss in jobs. The 
decrease in agriculture-related output would have a relatively proportional response in job loss between 
2020 and 2050. It would also reduce the state GDP by around 1.2 percent by 2050, while total 
employment would decrease by 0.9 percent. There is further detail on the REMI tool in the Introduction 
section.  

Table 6. Impact of Decreased Output on Agriculture-Related Jobs 

Industry 
Year 

2020 2025 2030 2035 2040 2045 2050 

Support activities for agriculture and forestry -1.5% -8.8% -16.3% -24.3% -32.4% -40.7% -49.4% 

Animal food manufacturing -2.3% -13.0% -22.8% -32.0% -41.1% -50.1% -58.8% 

Dairy product manufacturing -1.8% -10.9% -20.0% -29.3% -38.6% -48.0% -57.4% 

Animal slaughtering and processing -1.7% -9.9% -18.1% -26.4% -34.6% -42.9% -51.2% 

Other food manufacturing -1.7% -9.9% -18.2% -26.5% -34.8% -43.1% -51.5% 

 

 

 
3 Agricultural industries include crop production; animal production and aquaculture; farm labor contractors and 
crew leaders; farm machinery and equipment manufacturing; regulation of agricultural marketing and 
commodities; farm management services; farm and garden machinery and equipment merchant wholesalers; and 
nursery, garden center, and farm supply stores. 
4 This employment data comes from InfoUSA. 
5 Farm and farm-related industries include farms, animal food processing, dairy product manufacturing, animal 
slaughtering and processing, and other food manufacturing. 
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Figure 2. Relative Employment in the Agricultural Industry by Census Tract 
 

2.4. CLIMATE IMPACTS ON FORESTRY 

Carbon sequestration in forests is exceedingly important to reduce greenhouse gases in Maine, 
sequestering over 60 percent of ǘƘŜ ǎǘŀǘŜΩǎ annual emissions (Maine Climate Council Scientific and 
Technical Subcommittee, 2020). Though land use changes may be the largest threat to this 
sequestration, other concerns exist for forests in Maine. Maine has high populations of non-native 
pests, many of which are increasing as a result of climate change. The ranges of both pests and native 
species are set to change with increased temperatures and unpredictable precipitation events (Maine 
Climate Council Scientific and Technical Subcommittee, 2020). 
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aŀƛƴŜΩǎ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀǊŜ ǎŜǘ ǘƻ ƛƴŎǊŜŀǎŜ ŀǘ ŀ ƎǊŜŀǘŜǊ ǊŀǘŜ than the national average (Maine 
Climate Council Scientific and Technical Subcommittee, 2020). These changes can impact the available 
wood supply and future composition of the forests. With expected warmer temperatures and less snow, 
spruce-fir forest types will likely decline along their southern habitat range, though they will likely be 
replaced by birch and maple species as more forests become mixed forest types (Janowiak et al., 2018). 
The overall productivity of forests is hard to predict because a longer growing season due to warmer 
temperatures will allow some species to thrive while others will decline (Maine Climate Council Scientific 
and Technical Subcommittee, 2020).  

Winter harvesting benefits forests by providing a frozen forest floor, which decreases negative impacts 
on soils from heavy machinery (Kuloglu, Lieffers, & Anderson, 2019). However, rising temperatures will 
result in fewer frozen days, increasing the amount of labor and equipment needed to harvest the same 
amount of wood as a cold season. A modeling study in Alberta, Canada, demonstrated that the 
increased costs per cubic meter of wood harvest will increase 2.8 to 5.3 percent by 2050 if temperatures 
continue to rise, as the number of shutdown days due to warm temperatures increased (Kuloglu, 
Lieffers, & Anderson, 2019). Furthermore, interviews with loggers revealed that they compensate for 
shifting harvesting patterns ōȅ άƻǾŜǊǿŜƛƎƘǘƛƴƎέ ŘǳǊƛƴƎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǘƻ ǘƘŜ Ƴƛƭƭ (Rittenhouse & 
Rissman, 2015). This practice can create unsafe road conditions or increase the need for road 
maintenance (Rittenhouse & Rissman, 2015). Though there are strong indications that doing nothing will 
negatively impact both harvesting and transportation, many stakeholders are still uncertain about 
additional effects, creating an increased financial risk for loggers that stay in the industry (Geisler, 
Rittenhouse, & Rissman, 2016). 

2.5. CLIMATE IMPACTS ON AGRICULTURE 

Carbon sequestration from agricultural lands will play a large role in addressing climate change in Maine 
ŀƴŘ ŀŎƘƛŜǾƛƴƎ ǘƘŜ {ǘŀǘŜΩǎ Ǝƻŀƭ ƻŦ ŎŀǊōƻƴ ƴŜǳǘǊŀƭƛǘȅ ƛƴ нлпрΦ Protecting agricultural lands is key to carbon 
capture. However, pressing issues threaten agricultural production. The two main concerns related to 
climate change are an increased number of extreme precipitation events (җ 2 inches of precipitation per 
day) and increased heat (Maine Climate Council Scientific and Technical Subcommittee, 2020). Though 
these climate changes could have some positive impacts, each will undoubtedly have negative effects as 
well. 

Annual precipitation averages across seasons are expected to be mild in Maine compared to other 
states; however, the number of extreme precipitation events (җ2in/day) are expected to increase over 
ǘƛƳŜ ŀƴŘ ǇƻǎŜ ǎƛƎƴƛŦƛŎŀƴǘ ǘƘǊŜŀǘǎ ǘƻ aŀƛƴŜΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ƛƴŘǳǎǘǊƛŜǎ (Maine Climate Council Scientific and 
Technical Subcommittee, 2020). Extreme precipitation events cause many negative impacts. While 
irrigation can assist farmers in drought conditions, draining excess water is more challenging. This 
increased moisture also threatens the number of field days that farmers can work and can cause shifts in 
the planting season, as well as crop loss through rotting seeds. It can also negatively impact livestock 
health (Maine Climate Council Scientific and Technical Subcommittee, 2020). 

Increased heat will have several contrasting effects on agriculture in Maine. For example, the growing 
season has already begun to last longer, potentially increasing the growth and yield of some crops while 
negatively impacting others (Birkel & Mayewski, 2018). Rising temperatures could also require fewer 
heating costs but may counteract that benefit by requiring higher cooling costs. Finally, increased heat 
could lead to heat stress for workers, livestock, and crops (Wolfe, et al., 2018). 
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3. BLUE CARBON  

3.1. INTRODUCTION 

Climate change would contribute to the loss of blue carbon (i.e., 
carbon that is sequestered in coastal and marine ecosystems). 
This analysis examines losses due to sea level rise to two 
resources: eelgrass and salt marsh. Climate change drivers such as 
warming waters would also impact seaweed (including fucoids 
and kelp), but this analysis does not quantify these losses. The 
data ERG used in this analysis come largely from the Maine 
Climate Council Coastal and Marine Working Group (2020a). We 
quantified losses from carbon sequestration using the social cost 
of carbon and market price of carbon, which Appendix A discusses 
in more detail. 

3.2. RESULTS 

Table 7 presents the baseline stocks of eelgrass, salt marsh, and seaweed ƛƴ aŀƛƴŜΩǎ Ŏƻŀǎǘŀƭ ŜŎƻǎȅǎǘŜƳǎ, 
representing the maximum exposure of these resources to climate change impacts. 

Table 7. Baseline Stock by Resource  
Resource  Baseline  Units  

Eelgrass  99.89 km2 
Salt marsh  73.20 ς 92.40 km2 
Seaweed  418.98 Gg 
Sources: Maine Dept of Marine Resources, 2010; Maine Natural 
Areas Program, 2014; Bartow-Gillies, 2020; Witman & Lamb, 
2018; Topinka et al., 1981; Island Institute, 2020; Maine Climate 
Council Coastal and Marine Working Group, 2020a.  

Taken together and considering the lower bound social cost of carbon value, eelgrass and salt marsh loss 
due to sea level rise equals losing between $0.5 million and $2.1 million by 2030, $0.6 million and $2.8 
million by 2050, and $0.5 million and $2.4 million by 2100 (Table 8). Using the upper bound social cost of 
carbon estimate would result in losses that are approximately three times this high: between $1.4 
million and $6.4 million in 2030, between $1.9 million and $8.7 million in 2050, and between $2.4 
million and $12.6 million in 2100. Using the market cost of carbon, monetized losses are comparatively 
smaller, ranging from approximately $0.05 million to $1.6 million, depending on the year and estimate 
used. Ecosystem services lost amount to between $34.4 million and $259.7 million, depending on the 
year and estimate used.

Applicable Working Group(s): 

 
Ä Buildings, Infrastructure, 

Housing 
X Coastal and Marine 
Ä Energy 
Ä Natural Working Lands 
Ä Resilience 
Ä Transportation 
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Table 8. Summary of Area Lost and Social Cost of CO2 Burial Loss (Eelgrass and Salt Marsh) 
Resource/ 

Year 
[a] 

Sea Level 
Rise (ft) 

Area Remaining 
(km2) 

Area Lost (km2) Social Cost of Cumulative CO2 
Burial Lost (2019$) 

Market Cost of Cumulative CO2 
Burial Lost (2019$) 

Ecosystem Services 

Low High Low [b] High [c] Low b] High [c] Low [d] High [e] Estimate A Estimate B 

Eelgrass 

Baseline Mean lower 
low water 

(MLLW) 

99.89 99.89 0.00 0.00 τ τ τ τ τ   

2030 MLLW + 1 97.17 94.33 2.72 5.56 $60,574 $217,925 $6,461 $23,243 $4,832,795 $4,832,795 

2050 MLLW + 2 96.51 92.69 3.38 7.20 $103,876 $389,443 $14,953 $56,062 $8,732,102 $8,732,102 

2100 MLLW + 4 94.33 87.90 5.56 11.99 $285,053 $1,081,891 $116,465 $442,031 $36,619,161 $36,619,161 

Salt Marsh 

Baseline τ 73.20 92.40 0.00 0.00 τ τ τ τ τ τ 

2030 HAT + 1.2 12.50 31.70 60.70 60.70 $392,614 $1,874,828 $41,875 $199,962 $99,544,106 $29,518,830 

2050 HAT + 1.6 16.40 35.60 56.80 56.80 $500,386 $2,451,164 $72,033 $352,856 $135,440,265 $40,163,485 

2100 HAT + 3.9 36.50 55.70 36.70 36.70 $478,627 $2,918,929 $195,554 $1,192,595 $223,098,693 $66,157,734 

Total 

2030 τ 109.67 126.03 63.42 66.26 $453,188 $2,092,753 $48,335 $223,205 $104,376,901 $34,351,626 

2050 τ 112.91 128.29 60.18 64.00 $604,262 $2,840,606 $86,986 $408,918 $144,172,367 $48,895,587 

2100 τ 130.83 143.60 42.26 48.69 $763,680 $4,000,819 $312,019 $1,634,626 $259,717,854 $102,776,895 

[a] Eelgrass and salt marsh response to sea level rise (ft) aligns with the time-based sea level rise projections described in the Introduction to this report. 

[b] For eelgrass, the lower bound social cost estimate reflects the low area lost estimate and low social cost of carbon estimate. For salt marsh, it includes the low area 
remaining estimate, low area lost estimate, and low social cost of carbon estimate.  

[c] For eelgrass, the higher bound social cost estimate reflects the high area lost estimate and low social cost of carbon estimate. For salt marsh, it includes the high area 
remaining estimate, high area lost estimate, and low social cost of carbon estimate. 

[d] For eelgrass, the lower bound market cost estimate reflects the low area lost estimate and the point estimate for the market cost of carbon. For salt marsh, it includes the 
low area remaining estimate, low area lost estimate, and the point estimate for the market cost of carbon. 

[e] For eelgrass, the higher bound market cost estimate reflects the high area lost estimate and the point estimate for the market cost of carbon. For salt marsh, it includes 
the high area remaining estimate, high area lost estimate, and the point estimate for the market cost of carbon. 

Sources: Maine Dept of Marine Resources, 2010; Maine Natural Areas Program, 2014; Bartow-Gillies, 2020; McLeod et al., 2011; Drake et al., 2015; Roman et al., 1997; Kroeger 
et al., 2017; Interagency Working Group, 2016; Synergy Energy Economics, 2020; Costanza et al., 2008; NOAA OCM, NHDES, and ERG, 2016; Taylor, 2012; BEA, 2020; Maine 
Climate Council Coastal and Marine Working Group, 2020a. 
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3.3. METHODS 

3.3.1. Data 

This analysis primarily relies on data compiled by the Maine Climate Council Coastal and Marine 
Working Group (2020a),6 which draw on state agency resources, peer-reviewed journal articles, and 
other publicly available reports. The sections that follow detail these data and how ERG used them to 
produce the estimates shown in Section 3.2. We first discuss our data source for the social cost of CO2 
and then discuss each coastal resource (eelgrass, salt marsh, and seaweed) in turn. 

3.3.1.1. Cost of Carbon 

We monetized eelgrass and salt marsh losses using both the social cost and market price of CO2. The 
values used for blue carbon in particular are described briefly below. For additional discussion on 
monetizing carbon, see Appendix A. 

Social cost of carbon: The social cost of carbon values in this section are drawn from 9t!Ωǎ 2016 
Interagency Working Group lower bound (3 percent model average) estimates and converted to dollars 
per gigagram (Gg) for use in conjunction with the eelgrass and salt marsh estimates provided by the 
Maine Climate Council Working Group (see Table A-3 in Appendix A).  

As discussed in Appendix A, the Interagency Working Group (2016) also provides a higher bound, 95th 
percentile estimate for the social cost of carbon, which is approximately three times as high. The tables 
that follow do not show the results of the blue carbon analysis using this 95th percentile estimate, but 
those results are mentioned in the text. 

Table 9. Lower Bound Social Cost of CO2 Used in Blue Carbon Analysis 
Year 2007$/ Metric Ton 2007ς2019 Multiplier 2019$/ Metric Ton 2019$/Gg 

2030 $50.00 1.21 $60.74 $60,736.22 

2050 $69.00 1.21 $83.82 $83,815.98 

2100 $115.11 1.21 $139.82 $139,823.45 
Sources: Interagency Working Group on Social Cost of Greenhouse Gases, 2016; BEA, 2020. 

Market price of carbon: The market price of carbon uses estimates that Synergy Energy Economics 
(2020) developed for Maine based on L/CΩǎ (2018) Regional Greenhouse Gas Initiative price forecast (see 
Appendix A for more details) converted to dollars per Gg. 

Table 10. Market Price of CO2 

Year 2018$/Short Ton 2019$-2018$ Multiplier  2019$/Short Ton 2019$/Gg 

2030 $5.78 $1.02 $5.88 $6,477.88 

2050 $10.76 $1.02 $10.95 $12,065.68 

2100 $50.94 $1.02 $51.83 $57,128.05 
Sources: Synapse Energy Economics (2020) based on ICF (2018). 

 
6 ¢ƘŜ aŀƛƴŜ /ƭƛƳŀǘŜ /ƻǳƴŎƛƭ /ƻŀǎǘŀƭ ŀƴŘ aŀǊƛƴŜ ²ƻǊƪƛƴƎ DǊƻǳǇ ŎƻƳǇƛƭŜŘ ǘƘŜƛǊ Řŀǘŀ ƛƴ ǘƘŜ άMCC CMWG DATA 
NEEDSέ ǎǇǊŜŀŘǎƘŜŜǘΦ 

https://docs.google.com/spreadsheets/d/1do00hZMmgDnYS6a-j4JvoMzMfDDuPx6A19RnZ968XnY/edit#gid=1832270096
https://docs.google.com/spreadsheets/d/1do00hZMmgDnYS6a-j4JvoMzMfDDuPx6A19RnZ968XnY/edit#gid=1832270096
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3.3.1.2. Ecosystem Services 

άEcosystem servicesέ are the services provided by ecosystems and their associated species that help 
sustain and fulfill human life, either directly or indirectlyτincluding both tangible and intangible services 
such as food, clean water and air, flood control, aesthetic beauty, or recreational opportunities (NOAA 
OCM, NHCP, and ERG 2016; Troy, 2012). These services can be monetized to capture the value they add. 
For eelgrass and seaweed, ERG includes values for the services that have been previously monetized 
(although this is unlikely to represent a comprehensive valuation of the services provided). 

For eelgrass, we sum estimates for two services from a National Oceanic and Atmospheric 
Administration Office for Coastal Management (NOAA OCM), New Hampshire Department of 
Environmental Services Coastal Program (NHCP), and ERG (2016) report: 

¶ Commercial fishing (eelgrass provides nursery habitat and forage area for commercially fished 
species, and as warming waters reduce eelgrass stocks, the commercial fish landings will be 
reduced). 

¶ Nitrogen removal (eelgrass reduces the amount of nitrogen in the water column, leading to 
reduced expenditures for wastewater treatment by neighboring towns). 

The eelgrass commercial fishing estimate is drawn from the NOAA OCM, NCHP, and ERG (2016) analysis 
of the ecosystem services provided by bŜǿ IŀƳǇǎƘƛǊŜΩǎ DǊŜŀǘ .ŀȅ 9ǎǘǳŀǊȅ. Using a άǘǊƻǇƘƛŎ ǘǊŀƴǎŦŜǊέ 
approach that starts with the primary productivity of the ecosystem, the estimate calculates the amount 
lost in successively higher parts of the food chain. It begins with an estimate that benthic faunal 
production of eelgrass is 175 grams of dry weight per m2 per year, equivalent to 708.2005 kg of dry 
weight per acre per year. Assuming dry weight is 22 percent of wet weight yields approximately 
3,219.09 kg wet weight per acre per year. Of this, 4 percent is estimated to remain in the tropic level 
associated with commercially fished species, yielding approximately 128.8 kg wet weight per acre per 
year (3,219.09 × 0.04). ERG monetized this estimate using landings and total revenue data for New 
Hampshire by species for 2010ς2014, which resulted in a value of $4.64 per kg. Multiplying the 128.8 kg 
wet weight per acre per year estimate by $4.64 per kg yields approximately $598 per acre per year (in 
2015 dollars). For this analysis, we convert that estimate to a dollar per km2 value and inflate from 2015 
dollars to 2019 dollars using the Bureau of Economic AnalysisΩ (BEAΩǎ) (2020) implicit price deflator for 
GDP, resulting in an estimate of $158,432 per km2 per year in 2019. 

The eelgrass nitrogen removal estimate is also drawn from the NOAA OCM, NCHP, and ERG (2016) 
analysis. That estimate is based on Cole and MoksnesΩ (2016) estimate that eelgrass removes 12.3 kg of 
nitrogen per hectare per year, or 67 pounds of nitrogen per acre per year. We monetized this nitrogen 
removal using a NOAA Regional Ecosystem Services Research Program (2015) estimate of $68 to $77 per 
pound in the Great Bay Estuary. For this estimate, we use the midpoint of those two estimates: $72.50, 
resulting in approximately $4,858 per acre per year in 2015 dollars (67 × $72.50). Converting to a dollar 
per km2 value and inflating from 2015 dollars to 2019 dollars using the .9!Ωǎ (2020) implicit price 
deflator for GDP results in a value of $1,287,722 per km2 per year in 2019. 

For salt marsh, we use two partially overlapping estimates. Estimate A combines three estimates from 
two sources (NOAA OCM, NCHP, and ERG, 2016; Costanza, 2008) and includes: 
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¶ Commercial fishing (salt marsh provides nursery habitat and forage area for commercially fished 
species, and as warming waters reduce eelgrass stocks, the commercial fish landings will be 
reduced). 

¶ Nitrogen removal (salt marsh reduces the amount of nitrogen in the water column, leading to 
reduced expenditures for wastewater treatment by neighboring towns). 

¶ Hurricane protection (salt marsh and other coastal wetlands reduce hurricane damages in 
coastal areas).  

Estimate B comes from one source (Troy, 2012) and includes several services for coastal/saltwater 
wetlands: 

¶ Aesthetic and amenity 

¶ Disturbance regulation 

¶ Gas/atmospheric regulation 

¶ Habitat refugium 

¶ άhǘƘŜǊ ŎǳƭǘǳǊŀƭέ 

¶ Recreation 

The salt marsh commercial fishing value used in Estimate A is drawn from the NOAA OCM, NCHP, and 
ERG (2016) analysis. It begins with an estimate that the primary productivity of marsh grasses is 500 
grams of dry weight per m2 per year in New England marshes, and benthic microalgal production is 106 
grams of dry weight per square m2 per year, for a total of 606 grams of dry weight per m2 per year, or 
2,452,397 grams of dry weight per acre per year. Assuming dry weight is 22 percent of wet weight yields 
approximately 11,147 kg wet weight per acre per year. Only 0.16 percent of this productivity is 
estimated to remain in the tropic level associated with commercially fished species, yielding 
approximately 17.8 kg wet weight per acre per year (11,147 × 0.016). As with the eelgrass commercial 
fishing estimate, a value of $4.64 per kg is applied, resulting in approximately $82 per acre per year (in 
2015 dollars). For this analysis, we convert that estimate to a dollar per km2 value and inflate from 2015 
dollars to 2019 dollars using the .9!Ωǎ (2020) implicit price deflator for GDP, resulting in an estimate of 
$21,895 per km2 per year in 2019. 

The salt marsh nitrogen removal value used in Estimate A is also drawn from the NOAA OCM, NCHP, 
and ERG (2016) analysis. That estimate is based on Drake et al.Ωǎ (2015) finding that salt marsh in the 
Rachel Carson National Wildlife Refuge in Maine and Parker River National Wildlife Refuge in 
Massachusetts removes between 2.8 and 11.3 grams of nitrogen per m2 per year, or between 25 and 
101 pounds of nitrogen per acre per year. The NOAA OCM, NCHP, and ERG (2016) analysis uses the 
midpoint of that range: 63 pounds of nitrogen per acre per year. As with eelgrass, we monetized 
nitrogen removal using the midpointτ$72.50τof the NOAA Regional Ecosystem Services Research 
ProgramΩǎ (2015) estimate of $68 to $77 per pound in the Great Bay Estuary. This results in 
approximately $4,568 per acre per year in 2015 dollars (63 × $72.50). Converting to a dollar per km2 
value and inflating from 2015 dollars to 2019 dollars using the .9!Ωǎ (2020) implicit price deflator for 
GDP results in a value of $1,210,843 per km2 per year in 2019. 
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The salt marsh hurricane protection value used in Estimate A is drawn from Costanza et alΦΩǎ (2008) 
regression model of the value of coastal wetlands for hurricane protection for U.S. states. By comparing 
the damage from major hurricanes that hit the Atlantic and Gulf coasts between 1980 and 2004 with the 
Ŏƻŀǎǘŀƭ ǿŜǘƭŀƴŘ ŀǊŜŀ ƛƴ ŜŀŎƘ ǎǘƻǊƳΩǎ ǎǿŀǘƘΣ Costanza et al. (2008) calculated a hurricane protection 
value of $770.10 per hectare per year for Maine (in 2004 dollars). Converting to a dollar per km2 value 
and inflating from 2015 dollars to 2019 dollars using the .9!Ωǎ (2020) implicit price deflator for GDP 
results in a value of $102,049 per km2 per year in 2019. 

The aggregated salt/coastal wetlands value used in Estimate B is drawn from ¢ǊƻȅΩǎ (2012) ecosystem 
service valuation for Maine and includes several ecosystem services: 

¶ Aesthetic and amenity ($436 per acre per year in 2011 dollars) 

¶ Disturbance regulation ($371 per acre per year in 2011 dollars) 

¶ Gas/atmospheric regulation ($5 per acre per year in 2011 dollars) 

¶ Habitat refugium ($117 per acre per year in 2011 dollars) 

¶ άhǘƘŜǊ ŎǳƭǘǳǊŀƭέ ($20 per acre per year in 2011 dollars) 

¶ Recreation ($450 per acre per year in 2011 dollars) 

Summing these values results in a total of $1,399 per acre per year in 2011 dollars. Converting to a 
dollar per km2 value and inflating from 2015 dollars to 2019 dollars using the .9!Ωǎ (2020) implicit price 
deflator for GDP results in a value of $395,818 per km2 per year in 2019. 

We projected the value of these ecosystem services in future years (2030, 2050, and 2100) using the 
average annual increase in the .9!Ωǎ (2020) implicit price deflator for GDP, 1.89 percent. 

Table 11 summarizes the ecosystem services estimates used for eelgrass and salt marsh. 

Table 11. Ecosystem Services Values (2019$/km2/year) 

Year 
GDP 

Multiplier  

Eelgrass Salt Marsh 

Commercial 
Fishing 

Nitrogen 
Removal 

Estimate A 
Commercial 

Fishing 
Nitrogen 
Removal 

Hurricane 
Protection 

Estimate A Estimate B 

a b c = a + b d e F 
g = d + e + 

f 
h 

2019 1.000 $158,432 $1,287,722 $1,446,154 $21,895 $1,210,843 $102,049 $1,334,787 $395,818 

2030 1.229 $194,652 $1,582,111 $1,776,763 $26,901 $1,487,657 $125,378 $1,639,936 $486,307 

2050 1.786 $283,029 $2,300,433 $2,583,462 $39,114 $2,163,094 $182,303 $2,384,512 $707,104 

2100 4.554 $721,543 $5,864,637 $6,586,180 $99,716 $5,514,510 $464,758 $6,078,983 $1,802,663 

Sources: NOAA OCM, NCHP, and ERG, 2016; Costanza et al., 2008; Troy, 2012; BEA, 2020. 

3.3.1.3. Eelgrass 

For eelgrass, we estimated the baseline eelgrass area of 99.89 km2 from -15 feet to 0 feet MLLW using 
the Maine Department of Marine Resources (2010) geographic information system (GIS) layer, which is 
άŀ ŎƻƳǇƻǎƛǘŜ ƻŦ ƳǳƭǘƛǇƭŜ ǎǳǊǾŜȅ ȅŜŀǊǎ ǎǳŎƘ ǘƘŀǘ ǘƘŜ ŜƴǘƛǊŜ Ŏƻŀǎǘ ƻŦ aŀƛƴŜ ǿŀǎ ǎǳǊǾŜȅŜŘ ƛƴ ǎŜŎǘƛƻƴǎ 
between 2001ς2009έ (Maine Climate Council Coastal and Marine Working Group, 2020a). To calculate 
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the area lost, we used low and high estimates based on a vertical depth uncertainty of 3.28 feet.7 Table 
12 shows the baseline area, estimated area lost to sea level rise by year, remaining area, and percentage 
of the baseline area lost. 

Table 12. EelgrassτBaseline Area, Area Lost, and Area Remaining by Year 

Year 
Sea 

Level 
Rise (ft) 

Baseline Area 
(km2) 

Area Lost (km2) Area Remaining (km2) % Area Lost 

Low Loss High Loss Low Loss High Loss Low Loss High Loss 

a B c d = a - b e = a - c f = b ÷  a g = c ÷  a 

Baseline 0 99.89 0.00 0.00 99.89 99.89 0.0% 0.0% 

2030 1 99.89 2.72 5.56 97.17 94.33 2.7% 5.6% 

2050 2 99.89 3.38 7.20 96.51 92.69 3.4% 7.2% 

2100 4 99.89 5.56 11.99 94.33 87.90 5.6% 12.0% 

Sources: Maine Dept of Marine Resources, 2010; Maine Climate Council Coastal and Marine Working Group, 
2020a. 

Table 13 shows the amount of eelgrass-related carbon burial lost by year. We estimated carbon burial 
rates using data from McLeod et al. (2011), which presents low and high burial estimates based on the 
mean of 138 grams of carbon (gC)/m2/year with a standard error of ± 38. Carbon is converted to 
equivalent CO2 using a factor of 44/12.8 We calculated the burial amount lost by multiplying the low and 
high amounts of eelgrass area lost by the low and high carbon sequestration rates and carbon to CO2 
conversion factor, then dividing by 1,000 to yield Gg CO2 equivalent amount lost per year. 

Table 13. EelgrassτCarbon Burial Lost by Year 

Year 

Carbon Sequestration 
Rates (gC/m2/Year) 

C to CO2 
Equivalent 
Conversion 

Burial Amount Lost (Gg CO2 Equivalent/Year) 

Low Burial High Burial 
Low Burial High Burial 

Low Loss High Loss Low Loss High Loss 

h i j 
k = (b × h × j) 

÷  1,000 
l = (c × h × j) ÷  

1,000 

m = (b × i × j) 

÷  1,000 
n = (c × i × j) ÷  

1,000 

Baseline 100 176 3.6667 0.000 0.000 0.000 0.000 

2030 100 176 3.6667 0.997 2.039 1.755 3.588 

2050 100 176 3.6667 1.239 2.640 2.181 4.646 

2100 100 176 3.6667 2.039 4.396 3.588 7.738 
Sources: Maine Dept of Marine Resources, 2010; McLeod et al., 2011; Maine Climate Council Coastal and Marine Working 
Group, 2020a. 

To monetize the burial amount lost, we multiplied the amount lost from each of the four burial/loss 
scenarios (from Table 13) by the low-bound social cost and the market price of CO2 in each year (from 
Table 9 and Table 10) (with the results shown in Table 14). Using the upper bound social cost of carbon 
estimate results in values that are approximately three times as high as those shown in Table 14, ranging 
from approximately $0.2 million to $3.4 million depending on the year and low/burial estimates used. 
Appendix A provides more information on the high- and low-bound social cost of carbon estimates. 

 
7 This estimate was rounded to 100 km2 ƛƴ ǘƘŜ άMCC CMWG 5!¢! b995{έ ǎǇǊŜŀŘǎƘŜŜǘ; we use the unrounded 
figure here. 
8 This ŜǎǘƛƳŀǘŜ ǿŀǎ ǊƻǳƴŘŜŘ ǘƻ ŜƛǘƘŜǊ оΦссс ƻǊ оΦсс ƛƴ ǘƘŜ άa// /a²D 5!¢! b995{έ ǎǇǊŜŀŘǎƘŜet; we use the 
unrounded figure here. 
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Table 14. EelgrassτSocial and Market Cost of CO2 Burial Lost (2019$) 

Year 

Cost of CO2 per 
Gg (2019$) 

Cost of CO2 Burial Lost (2019$) 

Low Burial High Burial 

Low Loss High Loss Low Loss High Loss 

o p = k × o q = l × o r = m × o s = n × p 

Low-Bound Social Cost 

2030 $60,736 $60,574 $123,821 $106,611 $217,925 

2050 $83,816 $103,876 $221,274 $182,822 $389,443 

2100 $139,823 $285,053 $614,711 $501,694 $1,081,891 

Market Price 

2030 $6,478 $6,461 $13,206 $11,371 $23,243 

2050 $12,066 $14,953 $31,853 $26,318 $56,062 

2100 $57,128 $116,465 $251,154 $204,978 $442,031 
Sources: Maine Dept of Marine Resources, 2010; McLeod et al., 2011; Interagency Working Group, 2016; 
Synergy Energy Economics, 2020; BEA, 2020; Maine Climate Council Coastal and Marine Working Group, 2020a. 

To estimate the ecosystems services value lost, we multiply the ecosystems services value in each year 
(from Table 11) by the eelgrass area lost under each sea level rise scenario (from Table 12). This results 
in values between $4.8 million and $79.0 million (see Table 15). 

Table 15. EelgrassτEcosystems Services Lost (2019$) 

Year 

Ecosystems Services 
Value (2019$) 

Cost of Ecosystems Services Lost (2019$) 

Low Loss High Loss 

t u = b × t v = c × t  

2030 $1,776,763 $4,832,795 $9,878,802 

2050 $2,583,462 $8,732,102 $18,600,927 

2100 $6,586,180 $36,619,161 $78,968,299 
Sources: Maine Dept of Marine Resources, 2010; McLeod et al., 2011; NOAA OCM, NCHP, and ERG, 
2016; BEA, 2020; Maine Climate Council Coastal and Marine Working Group, 2020a. 

3.3.1.4. Salt Marsh 

The salt marsh analysis reflects several conflicting influences on the ability of salt marsh to sequester 
CO2: 

¶ The ability of healthy salt marsh to sequester CO2 

¶ Loss of salt marsh area due to sea level rise (which reduces CO2 sequestration) 

¶ Tidal marsh restrictions (which reduce CO2 sequestration) 

¶ Tidal marsh restrictions (which also increase methane emissions) 

We used tidal marsh mapping data on baseline salt marsh area from the Maine Natural Areas Program 
(2014). We only included salt and brackish marsh (because freshwater marsh does not have the same 
CO2/methane sequestration and emissions potential). The low area estimate includes the initial Maine 
Natural Areas Program mapping effort, which did not attempt to map areas smaller than a certain 
acreage or fringing marshes. The high area estimate is drawn from the Maine Coastal Program (Bartow-
Gillies, 2020) desktop analysis of all coastal marshes using the National Wetland Inventory, aerial 
images, and other GIS tools, and it includes marshes of all sizes and types. 
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The estimate of the area lost due to sea level rise is based on the Maine Natural Areas Program marsh 
migration model, with the assumption that άno current marsh habitat will keep pace with sea level rise 
(i.e., that they will not accrete enough sediment with sea level rise to maintain vegetation), and only 
new marsh will be formed at higher elevationsέ (Maine Climate Council Coastal and Marine Working 
Group, 2020a). 

Table 16 summarizes the baseline area, area lost under each sea level rise scenario, area remaining, and 
percentage of area lost to sea level rise. Note that salt marshes experience sudden and major loss under 
the 2030ς1.2-foot sea level rise scenario but then start to slowly regain ground in future years. This 
modeling result is because marshes may migrate as additional sea level rise reaches areas of low 
flatlands, wetlands, and creeks where marshes have more potential for lateral expansion. If these 
modeling assumptions hold, then the majority of salt marsh losses will occur in the next 10 years, 
making near-term marsh adaptation maximally effective. 

Table 16. Salt MarshτBaseline Area, Area Lost, and Area Remaining by Year 

Year  

Sea 
Level 

Rise (ft) 

Baseline Area (km2) Area Lost 
(km2) 

Area Remaining (km2) % Area Lost 

Low Area High Area Low Area High Area Low Area High Area 

a b c d = a - b e = b - c f = c ÷  a f = c ÷  b 

Baseline 0.0 73.2 92.4 0.0 73.2 92.4 0.0% 0.0% 

2030 1.2 73.2 92.4 60.7 12.5 31.7 82.9% 65.7% 

2050 1.6 73.2 92.4 56.8 16.4 35.6 77.6% 61.5% 

2100 3.9 73.2 92.4 36.7 36.5 55.7 50.1% 39.7% 
Sources: Maine Natural Areas Program, 2014; Bartow-Gillies, 2020; Maine Climate Council Coastal and Marine 
Working Group, 2020a. 

In marshes where a road or other crossing restricts the full tidal flow and cycle, carbon sequestration is 
significantly reduced, and restricted marshes can become net methane emitters when they have salinity 
less than 18 parts per thousand (ppt.) Tidal flow crossings that can cause restrictions include culverts, 
bridges, dams, dikes, causeways, road grades, railroad grades, trails, and dirt roads. The Maine Coastal 
Program estimated the number of current and future tidal marsh crossings using the Maine Natural 
Areas Program marsh migration scenarios as well as modeling of where future marsh migration areas 
and the corridors to those areas would cross culverts, bridges, dams, etc.  

The percentage of tidal marsh crossings that restrict flows is based on a desktop analysis of current 
conditions, with restriction assessed based on the presence of upstream or downstream scour, different 
vegetation community type, or culvert perch (Bartow-Gillies, 2020). This analysis suggests that between 
336 and 347 of 368 crossings (91 to 94 percent) are restrictive. These same percentages are assumed to 
hold in the future as well. Multiplying the number of tidal marsh crossings in future years by the 
percentage that restrict tidal flow yields the number of tidal marsh crossing restrictions in future years 
(see Table 17). 

To estimate methane emissions due to tidal crossing restrictions, we calculated the current level of 
methane emissions due to restrictions by dividing the point estimate, 39.1 km2, by the low and high 
marsh area from Table 16 and then averaged those percentages. This results in an estimate of 

approximately 48 percent, which is assumed to hold in future years (39.1 ÷  73.2 = 53 percent, and 39.1 
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÷  92.4 = 42 percent; the average of 53 percent and 42 percent is 48 percent).9 (This estimate assumes 
that the tidal restrictions cause the marshes to have salinities of less than 18 ppt.) We then multiplied 
this percentage by the low and high remaining marsh area to estimate methane emissions in each future 
scenario (see Table 17). 

Table 17. Salt MarshτMethane (CH4) Emissions Due to Tidal Marsh Crossing Restrictions 

Year 

Number of 
Tidal Marsh 
Crossings 

Baseline % Tidal 
Marsh Crossings 

Restricting Tidal Flow 

Number of Tidal 
Marsh Crossing 

Restrictions 

Average CH4 
Emissions per 
Marsh Area 

(km2) 

CH4 Emissions Due to 
Restrictions (km2) 

Low High Low High Low High Low Area High Area 

g h i j k = g × i l = h × j m = ((n ÷  a) + 

(o ÷ b)) ÷ 2 
n = m × d o = m × e 

Baseline 368 368 91.3% 94.3% 336 347 47.87% 39.100 39.100 

2030 534 545 91.3% 94.3% 488 514 47.87% 5.983 15.173 

2050 542 553 91.3% 94.3% 495 521 47.87% 7.850 17.040 

2100 619 630 91.3% 94.3% 565 594 47.87% 17.471 26.661 
Sources: Maine Natural Areas Program, 2014; Bartow-Gillies, 2020; Maine Climate Council Coastal and Marine Working 
Group, 2020a. 

Table 18 shows the estimates used to calculate sequestration, emissions due to methanogenesis, and to 
convert carbon to CO2 equivalent. The low sequestration estimate is drawn from Drake et al. (2015), and 
the high value from Roman et al. (1997). For emissions due to methanogenesis, both the low and high 
values are drawn from Kroeger et al. (2017). Carbon is converted to equivalent CO2 using a factor of 
44/12.10 

Table 18. Salt MarshτEmissions Factors and Carbon to CO2 Equivalent Conversion 

Year 

Emissions Factors Used in the Carbon Burial Calculations 
C to CO2 Equivalent 

Conversion 
C Sequestration (gC/m2-yr) C Emissions (Methanogenesis) 

Low High Low High 

p q r s t 

Baseline -74 -256 8.4 41.6 3.6667 

2030 -74 -256 8.4 41.6 3.6667 

2050 -74 -256 8.4 41.6 3.6667 

2100 -74 -256 8.4 41.6 3.6667 
Sources: Drake et al., 2015; Roman et al., 1997; Kroeger et al., 2017; Maine Climate Council Coastal and Marine Working 
Group, 2020a. 

Table 19 estimates sequestration, emissions due to tidal restrictions, and emissions due to 
methanogenesis, sums these to calculate net carbon burial, and calculates the loss of carbon burial by 

finding the change () in each future year from the baseline. Four scenarios are calculated by combining 
the low and high burial estimates (from Table 18) with the low and high marsh area remaining estimates 
(from Table 16) and the sequestration and emissions factors (from Table 17). 

 
9 bƻǘŜ ǘƘŀǘ ǿƘƛƭŜ ǘƘƛǎ ŜǎǘƛƳŀǘŜ ǿŀǎ ǊƻǳƴŘŜŘ ǘƻ пуΦл ǇŜǊŎŜƴǘ ƛƴ ǘƘŜ άa// /a²D 5!¢! b995{έ ǎǇǊŜŀŘǎƘŜŜǘΣ ǿŜ 
use the unrounded figure here. 
10 bƻǘŜ ǘƘŀǘ ǿƘƛƭŜ ǘƘƛǎ ŜǎǘƛƳŀǘŜ ǿŀǎ ǊƻǳƴŘŜŘ ǘƻ ŜƛǘƘŜǊ оΦссс ƻǊ оΦсс ƛƴ ǘƘŜ άa// /a²D 5!¢! b995{έ 
spreadsheet, we use the unrounded figure here. 
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Table 19. Salt MarshτNet Carbon Burial (Gg CO2 Equivalent/ Year) 

Year Sequestration 
Emissions 

(Restrictions) 
Emissions 

(Methanogenesis) 
Net Lost 

Low Burial Amount/Low Marsh Area Scenario 

  u = (d × p × t) ÷  1,000 v = (n × p × t) ÷ 1,000 w = (n × r × t) ÷ 1,000 x = u + v + w y = (x) 

Baseline -19.86 10.61 1.20 -8.05 0.00 

2030 -3.39 1.62 0.18 -1.58 6.46 

2050 -4.45 2.13 0.24 -2.08 5.97 

2100 -9.90 4.74 0.54 -4.63 3.42 

Low Burial Amount/High Marsh Area Scenario 

  z = (e × p × t) ÷  1,000 aa = (o × p × t) ÷ 1,000 ab = (o × r × t) ÷ 1,000 ac = y + z + aa ŀŘ Ґ ɲόŀŎύ 

Baseline -25.07 10.61 1.20 -13.26 0.00 

2030 -8.60 4.12 0.47 -4.02 9.24 

2050 -9.66 4.62 0.52 -4.51 8.75 

2100 -15.11 7.23 0.82 -7.06 6.20 

High Burial Amount/Low Marsh Area Scenario 

  ae = (d × q × t) ÷  1,000 af = (n × q × t) ÷ 1,000 ag = (n × s × t) ÷ 1,000 ah = ac + ad + ae ŀƛҐ ɲόŀƘύ 

Baseline -68.71 36.70 5.96 -26.04 0.00 

2030 -11.73 5.62 0.91 -5.20 20.84 

2050 -15.39 7.37 1.20 -6.83 19.22 

2100 -34.26 16.40 2.66 -15.20 10.85 

High Marsh Area/High Burial Amount Scenario 

  aj = (e × q × t) ÷  1,000 ak = (o × q × t) ÷ 1,000 al = (o × s × t) ÷ 1,000 am = ag + ah + ai ŀƴ Ґ ɲόŀƳύ 

Baseline -86.73 36.70 5.96 -13.26 0.00 

2030 -29.76 14.24 2.31 -4.02 30.87 

2050 -33.42 16.00 2.60 -4.51 29.24 

2100 -52.28 25.03 4.07 -7.06 20.88 
Sources: Drake et al., 2015; Roman et al., 1997; Kroeger et al., 2017; Maine Climate Council Coastal and Marine Working 
Group, 2020a. 

The final step for salt marsh is to calculate the social cost of CO2 burial lost by multiplying the low-bound 
social cost and market price (from Table 9 and Table 10) by the lost burial amounts in each of the four 
scenarios (from Table 19) (with the results shown in Table 20). Using the upper bound social cost of 
carbon estimate would result in values that are approximately three times as high as those shown in 
Table 20, ranging from approximately $1.2 million to $9.2 million, depending on the year and marsh 
area estimate used. 
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Table 20. Salt MarshτSocial and Market Cost of CO2 Burial Lost (2019$) 

Year 

Cost of CO2 per Gg 
(2019$) 

Low Burial Amount Scenario (Gg CO2 
Equivalent/Year) 

High Burial Amount Scenario (Gg CO2 
Equivalent/Year) 

Low Marsh Area High Marsh Area Low Marsh Area High Marsh Area 

ao ap = y × ao aq = ad × ao ar = ai × ao as = an × ao 

Low-Bound Social Cost 

2030 $60,736 $392,614 $561,258 $1,265,744 $1,874,828 

2050 $83,816 $500,386 $733,115 $1,610,627 $2,451,164 

2100 $139,823 $478,627 $866,870 $1,516,730 $2,918,929 

Market Price 

2030 $6,478 $41,875 $59,862 $134,999 $199,962 

2050 $12,066 $72,033 $105,535 $231,857 $352,856 

2100 $57,128 $195,554 $354,180 $619,694 $1,192,595 
Sources: Drake et al., 2015; Roman et al., 1997; Kroeger et al., 2017; Interagency Working Group, 2016; Synergy Energy 
Economics, 2020; BEA, 2020; Maine Climate Council Coastal and Marine Working Group, 2020a. 

To estimate the ecosystems services value lost, we multiply the ecosystems services value in each year 
(from Table 11) by the salt marsh area lost under each sea level rise scenario (from Table 16). This 
results in values between $4.8 million and $79.0 million (see Table 21).  

Table 21. Salt MarshτEcosystems Services Lost (2019$) 

Year 
Ecosystems Services Value (2019$) Cost of Ecosystems Services Lost (2019$) 

at au = c × at 

Ecosystems Services Estimate A 

2030 $1,639,936 $99,544,106 

2050 $2,384,512 $135,440,265 

2100 $6,078,983 $223,098,693 

Ecosystems Services Estimate B 

2030 $486,307 $29,518,830 

2050 $707,104 $40,163,485 

2100 $1,802,663 $66,157,734 
Sources: Maine Dept of Marine Resources, 2010; McLeod et al., 2011; Costanza et al., 2008; NOAA OCM, NCHP, 
and ERG, 2016; Troy, 2012; BEA, 2020; Maine Climate Council Coastal and Marine Working Group, 2020a. 

3.3.1.5. Seaweed  

For seaweed, we did not calculate the amount lost due to a lack of data availability. Table 22 shows the 
estimated baseline stock of different categories of seaweed in Maine. The Maine Climate Council 
Coastal and Marine Working Group estimated wild intertidal seaweed stocks (fucoids) by multiplying 50 
fresh kg/m (Topinka, 1981) by the length of the coastline (8,047 km) and then by 1,000 to convert km to 
m. Wild subtidal seaweed (including sugar kelp, horsetail kelp, and shotgun kelp) is estimated by 
multiplying 2.05 fresh kg/m (a rough estimate using the average for Cashes Ledge) (Witman, 2018) by 
the length of the coastline (8,047 km) and then by 1,000 to convert km to m. We took the estimate of 
farmed subtidal seaweed (kelp)τ325,000 pounds per yearτfrom the Island Institute (2020) report and 
then converted it to kg. We then converted each of these to Gg of carbon using the Maine Climate 
Council Coastal and Marine Working GroupΩǎ ŜǎǘƛƳŀǘŜ that 30 percent of seaweed is carbon. 
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Table 22. SeaweedτBaseline Stocks 
Type Seaweed Stocks (kg) % of Seaweed = C Seaweed Stocks (Gg C) 

Wild Intertidal Seaweed (Fucoids) 402,350,000 30% 181.06 

Wild Subtidal Seaweed 16,477,956 30% 7.42 

Farmed Subtidal Seaweed 147,418 30% 0.07 

Total 418,975,374 30% 188.54 
Sources: Witman & Lamb, 2018; Topinka et al., 1981; Island Institute, 2020; Maine Climate Council Coastal and Marine 
Working Group, 2020a. 

Although we did not quantify seaweed losses due to a lack of data, the stock could conceptually increase 
due to increases in farmed edible seaweed and decrease due to rising temperatures. The Island Institute 
(2020) report estimates that the current level of farmed seaweed (147,418 kg) could increase to 
between 698,532 and 2,705,678 kg by 2035, with a best estimate of 1,387,993 kg. 

The Maine Climate Council Coastal and Marine Working Group also estimates that the percentage of 
farmed and natural annual biomass production contributing to carbon sequestration in seaweed is 
between 4.30 and 18.89 percent, with a mean estimate of 10.92 percent (based on the mean and 
standard error presented in Krause-Jensen and Duarte [2016]). 

3.3.2. Assumptions 

This section notes the assumptions that the analysis used for each coastal resource, as specified by the 
Maine Climate Council Coastal and Marine Working Group (some of which have been mentioned already 
in Section 3.3.1). 

3.3.2.1. Eelgrass 

The Maine Climate Council Coastal and Marine Working Group assumes the following for eelgrass: 

¶ The Maine Department of Marine Resources 2010 GIS layer is the best possible estimate of 
eelgrass area coastwide. More recent eelgrass area calculations are possible for Casco Bay 
(2018), Belfast Bay/Northport (2019), and the Piscataqua River/Portsmouth Harbor (2019). 
However, because eelgrass beds inherently expand and contract from year to year due to a 
multitude of factors (sea level rise, water quality, light availability, macroalgal competition, 
invasive species, fouling organisms, ice scour, vessel and mooring impacts, etc.) and the 2010 
baseline survey is a composite of 2001ς2009 surveys that includes the entire coast of Maine, the 
GIS layer is considered the best possible estimate of eelgrass area coastwide. 

¶ The deep edge of Maine eelgrass beds is set at -15 feet MLLW based on the Maine Department 
of Marine wŜǎƻǳǊŎŜǎΩ 2010 eelgrass layer and the NOAA Coastal Relief Model bathymetry raster, 
which demonstrated that approximately 98 percent of Maine's eelgrass resides shallower than 
or at -15 feet MLLW. Because light availability generally controls the deep edge of eelgrass, even 
a 1-foot increase in sea level could decrease light availability and cause beds residing several 
feet shallower than -15 feet MLLW to recede. Therefore, eelgrass losses caused by sea level rise 
could possibly be greater than those shown in Section 3.3.1.2 for nearer-term predictions 
(2030ς2050 timeframe). 

¶ The low and high area lost estimates are based on a vertical depth uncertainty of 3.28 feet (1 
standard deviation) due to variation in actual water depth. This magnitude of vertical 
uncertainty overwhelms the sea level rise scenarios that are less than 3.28 feet, so instead of 
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providing a single value of loss for each specific sea level rise scenario, we provide a range of 
eelgrass areas vulnerable to each foot of sea level rise.  

¶ Long-term burial rates assume that all eelgrass beds are equally healthy and equally capable 
of carbon sequestration. In reality, a range of burial rates is necessary, covering both highly 
functioning and/or long-present eelgrass beds as well as those that are more ephemeral and/or 
provide limited sequestration due to poor health. 

3.3.2.2. Salt Marsh 

The Maine Climate Council Coastal and Marine Working Group assumes the following for salt marsh: 

¶ No current marshes will  keep pace with sea level rise by accreting sediment. In all marsh 
migration scenarios, marsh area experiences a net loss compared to current 2020 conditions. 
This is based on the assumption that no current marshes will accrete sediment at a pace that 
maintains the elevation of salt marshes relative to the tidal flooding and duration necessary to 
maintain vegetated communities on marsh platforms. 

¶ The analysis only includes salt and brackish marsh because freshwater marsh area does not 
have the same sequestration and emissions potential. 

¶ Marsh area lost due to sea level rise is based on a "bathtub" GIS model using sea level rise 
scenarios to predict future areas where elevation could support marsh habitat. These scenarios 
assume that no current marsh habitat will keep pace with sea level rise (i.e., the habitat will not 
accrete enough sediment to maintain vegetation), and only new marsh will be formed at higher 
elevations. This model is not based on bh!!Ωǎ Sea Level Affecting Marshes Model (SLAMM), but 
rather is an elevation-only-based model.  

¶ The number of tidal marsh crossings that result in restrictions for present conditions is 
assumed to hold under future sea level rise scenarios based on the current presence of 
upstream or downstream scour, different vegetation community type, or culvert perch.  

¶ Methane emissions calculations assume tidally restricted areas have salinities less than 18 ppt; 
however, the degree of tidal restriction and effect on salinity in each of the marshes has not yet 
been field verified. 

3.3.2.3. Seaweed 

The Maine Climate Council Coastal and Marine Working Group assumes the following for seaweed: 

¶ The suitable habitat for seaweed is just 1 meter wide along the entire coast, which 
underestimates actual biomass. The accuracy of this estimate would improve if data become 
available about the fraction of the coast that is rocky shoreline. 

3.3.3. Limitat ions 

For the ecosystem services estimates applied to eelgrass and salt marsh, limitations of this analysis 
include the following: 

¶ The ecosystem services values are not comprehensive and do not represent all ecosystem 
services or the total value of services that aŀƛƴŜΩǎ ecosystems provide. 
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¶ Due to time and resource constraints and a lack of Maine-specific data, this analysis used some 
values that were developed for areas outside of Maine, such as New Hampshire and 
Massachusetts. 

¶ Similarly, some values were originally developed for other ecosystems, such as wetlands more 
generally, as opposed to salt marsh in particular, or developed for an estuary but applied to salt 
marsh and eelgrass throughout Maine. 

For eelgrass, limitations of this analysis include the following: 

¶ Sea level rise is assumed to be equivalent across the entire Maine coastline, although sea level 
rise calculations may be less accurate along portions of the coastline with steeper as compared 
to more shallow slopes. This assumption was made for ease of analysis. A more nuanced future 
study will be required to address uncertainties in the eelgrass calculations.  

¶ Landward migration of eelgrass is not included. Landward migration of eelgrass into adjacent 
intertidal habitat is possible unless physical restrictions or disturbance prevent movement or 
survival (e.g., natural hard substrate, shoreline features like bulkheads, docks/piers, moored 
vessels, aquaculture operations, wild harvest, ice scour). This analysis does not include landward 
migration because we cannot comprehensively determine where movement could/could not 
occur with reasonable accuracy at this time. 

¶ Long-term burial rates are based on global seagrass estimates and are not specific to eelgrass. 
Future estimates may be able to refine this limitation, as noted in Section 3.4 below. 

For salt marsh, limitations of this analysis include: 

¶ Salt marsh migration scenarios are based on the low area estimate but are also applied to the 
high area estimate. The high estimate of marsh area lost due to sea level rise is based on the 
current extent of tidal marsh (which includes some National Wetlands Inventory or aerial 
imagery interpretation), but the marsh migration scenarios were mapped and calculated based 
only on the low area estimate extent for tidal marsh. Therefore, some discrepancy might exist in 
the amount of future marsh calculated under the high estimate, because the base input 
numbers are not the same. 

For seaweed, we did not estimate futures losses due to a lack of data, and this analysis cannot present 
the cost of lost carbon burial for that resource. 

3.4. RECOMMENDATIONS FOR FUTURE ANALYSIS 

Potential areas to refine or build on this analysis include: 

¶ Refining or expanding on the valuation of ecosystem services that eelgrass and salt marsh 
provide and adding ecosystem services estimates for seaweed. 

¶ Estimating seaweed losses, including determining species-specific responses for the more than 
250 species of seaweed in Maine (dozens of species are harvested or cultivated, some build 
important nursery habitat, and others are invasive). 

¶ Refining the estimate of subtidal seaweed area from the current rough estimate based on 
Cashes Ledge to reflect the entire coastline. 
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¶ Lessening vertical uncertainty of eelgrass loss for 6.94 percent of the coastline using the 
University of New Hampshire's Center for Coastal Ocean Mapping Joint Hydrographic Center 
and Maine Coastal Program's project-specific high-resolution bathymetry. 

¶ Determining eelgrass-specific, long-term burial rates based on a forthcoming region-specific 
study (Novak, Accepted in April 2020) rather than the current estimate, which is based on global 
seagrass. 

¶ Estimating the economic impact of these losses at a granular geographic scale (e.g., to the 
fishing industry, working waterfronts, or coastal recreation businesses in specific cities or 
sections of the coast). 



Assessing the Impacts Climate Change May HŀǾŜ ƻƴ ǘƘŜ {ǘŀǘŜΩǎ 9ŎƻƴƻƳȅΣ Revenues, and Investment 
Decisions: Cost of Doing Nothing Analysis 
 

33 
 

4. FLOOD RISK  

4.1. INTRODUCTION 

Sea level rise and coastal flooding: Sea level rise is a critical issue 
in Maine where people, economic drivers, and infrastructure will 
feel the impacts of flooding far inland over the coming decades, 
ultimately making some coastal infrastructure unusable without 
major reconstruction (e.g., raising roads).  

Riverine flooding: This analysis considers the impact of current 
riverine flood risk ƻƴ aŀƛƴŜΩǎ ŎƻƳƳǳƴƛǘies and economy. Riverine 
floods (such as the 0.2 percent annual chance flood on the 
Penobscot and Kennebec River basins in 1987) caused by a 
combination of rain and snow melt are an existing risk in the state 
that may get worse with climate change. The ERG team 
acknowledges the challenges of projecting riverine flood risk into 
the future, specifically: 1) some maps of existing flood risk in the 
state are outdated and lack accuracy and LIDAR coverage, and 2) global flood risk models do not show 
agreement on whether the 1 percent annual chance flood will increase or decrease in Maine 
(Hirabayashi et al., 2013; Arnell & Gosling, 2016). As such, this analysis draws on the existing FEMA 
National Flood Hazard maps as the best available statewide to understand current flood risks as Maine 
works to improve its flood resiliency. Given the limitations of the FEMA maps, they should be treated as 
minimum risks and a starting point for considering riverine flood risk as improved hazard maps and 
projections are developed.   

Flood risk (coastal and riverine) to infrastructure: This analysis of sea level rise, storm surge, and 
riverine flood impacts to communities, businesses, and infrastructure examines 10 wastewater 
treatment plants or sewer districts that the Community Resilience Planning, Public Health, and 
Emergency Management Working Group classified as critical infrastructure vulnerable to flooding per 
the Science and Technical SubcommitteeΩǎ recommended sea level rise scenarios. Flooded wastewater 
treatment plants or sewer district facilities pose a significant threat to community resilience and public 
health. When one of these critical facilities floods, raw sewage can contaminate community drinking 
water and surrounding bodies of water, causing extensive environmental and safety hazards. When 
flooding and contamination occur in coastal and marine areas, fisheries and hospitality industries will 
inevitably be impacted. Furthermore, these treatment plants and sewer district facilities represent 
significant community investment, and flooding can be costly. The working group further indicated that 
the Saco and Machias Wastewater Treatment Plants are considered a top priority to protect against 
flooding. 

4.2. RESULTS 

Sea level rise flood risk to communities: As sea levels rise toward end of century, a high sea level 
scenario in 2100 (central estimateτ50 percent probability of being met or exceeded) (Maine Climate 
Council Scientific and Technical Subcommittee, 2020) of HAT plus 8.8 feet shows that the number of 
high social vulnerability communities at risk to flooding increases. These are communities that are likely 
to struggle to prepare for and recover from climate-related hazards due to factors such as 
socioeconomic status, minority status, household composition and disability, and housing and 

Applicable Working 
Group(s): 

 
X   Building, Infrastructure, 

Housing 
X Coastal and Marine 
Ä Energy 
Ä Natural Working Lands 
X Resilience 
X Transportation 
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transportation (Johnson et al., 2018).  Volume 1. Vulnerability Mapping depicts the progression of 
communities increasingly impacted by sea level rise. Figure 3 shows impacts on high social vulnerability 
communities under a sea level rise scenario of HAT + 8.8 feet (Eastern Reserach Group, 2020). Impacts 
to the communities around Harrington and Addison in Washington County, as well as the island 
communities of Vinalhaven (Knox County) and Stonington and Deer Isle (Hancock County), stand out in 
terms of their flood risk as seas rise. These are also communities with a strong dependence on 
waterfront and shorefront industries such as tourism, ports, and fishing, all of which will be heavily 
disrupted by increased flood frequency.  

Figure 3. Maine Social Vulnerability Index and Sea Level Rise (HAT + 8.8 ft) 

Riverine flood risk to communities: In considering riverine flooding impacts on socially vulnerable 
communities, the towns of Greenbush, Enfield, and Howland on the Penobscot River are among those 
showing a high social vulnerability and a high percentage of land exposed to 1 percent annual chance 
(Figure 4) and 0.2 percent annual chance flooding (see Volume 1. Vulnerability Mapping). Though these 
maps (based on FEMA National Flood Insurance Rate Map data) do not account for changing flood 
patterns due to climate change, they point to best available data on existing flood risk. This assessment 
does not specifically quantify impacts to these communities; nevertheless, these maps can help the 
Maine Climate Council understand the disproportional burden of climate impacts, which can help the 
Council design equitable solutions.  



Assessing the Impacts Climate Change May HŀǾŜ ƻƴ ǘƘŜ {ǘŀǘŜΩǎ 9ŎƻƴƻƳȅΣ Revenues, and Investment 
Decisions: Cost of Doing Nothing Analysis 
 

35 
 

Figure 4. Maine Social Vulnerability Index and 1 Percent Annual Change Riverine and Coastal 
Floodplain (FEMA National Flood Hazard Layer) 
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Flood (coastal and riverine) impacts to buildings: Table 23 presents expected losses due to flood 
damage to buildings (building loss, contents loss, inventory loss). Building loss represents repair and 
replacement costs for building damage based on building type (i.e., residential versus industrial); 
contents loss represents damages to supplies that are not integral to the building structure, such as 
furniture or computers; and inventory loss represents the loss in total inventory value for a business 
based on its type of occupancy, area, and sales/production. For example, if a supermarket flooded, a 
building loss would be the cost of replacing the damaged floor, a contents loss would be the loss from 
damaged shelving, and an inventory loss would be the loss of food items. Loss calculations are based on 
depth-damage functions (specific to building type) that estimate the percent damage to a building, 
contents, or inventory at a given depth of flooding. In the case of sea level rise, the percent damage 
likely underestimates the replacement cost for assets that experience low depth but permanent 
flooding (as repair will not be an option). As such, the scenarios below showing loss due to flooding at a 
total water level of HAT plus 1.6 feet, 3.9 feet, and 8.8 feet are likely an underestimate compared to the 
total value that would be lost to permanent inundation from sea level rise at these water levels.  

Table 23. Cumulative Building Losses Due to Sea Level Rise and Riverine Flooding 
Flood Hazard Scenario Climate Projection Combined Loss (2018$) [a]  

HAT + 1.6 ft sea level rise 
(coastal) 

Likely range 67% probability sea level rise is 
between 1.1 and 1.8 ft in 2050 

$512,097,000 

HAT + 3.9 ft sea level rise 
(coastal) 

Likely range 67% probability sea level rise is 
between 3.0 and 4.6 ft in 2100 

$671,024,000 

HAT + 8.8 ft sea level rise 
(coastal) 

Central estimate for a high sea level rise 
scenario for 2100 

$1,280,389,000 

1% annual chance flood (coastal, 
still water elevation) 

Present $610,090,000 

1% annual chance flood (inland 
riverine) 

Present $1,805,784,000 

[a] Combined loss = building loss + contents loss + inventory loss (Hazus outputs) 

Volume 1. Vulnerability Mapping includes maps showing the distribution of potential building losses 
across the state.  

Table 23 above summarizes potential damages due to separate sea level rise and temporary flood 
scenarios when, in reality, these hazards will occur concurrently over the coming decades. To model the 
combined effects of sea level rise and storms (small and large), we created a simulation model and used 
Monte Carlo methods to determine the possible effects of these increasing water levels. ERG modeled 
effects of storm surges of varying frequencies and intensities in Portland, Maine, between 1912 and 
2018. Our available data covered 1-, 5-, 10-, 25-, 50-, and 100-year storms. Because our model covered 
500-year storms, we extended trends on all other storms to cover 500-year storms as well. We also 
created ranges around these values to accommodate the distribution of surge that actually occurs 
during a storm. We used the storm surges shown in Table 29 and the damages from the sea level rise 
scenarios shown in Table 23, which we ran through C9a!Ωǎ Hazus model. After running 10,000 iterations 
of this mode, we found that the median value for cumulative damages to buildings between 2020 and 
2050 was $17.5 billion, with an 80 percent confidence interval of $16.85 to 18.16 billion (2018$)(Figure 
5). 11  

 
11 These modeled damages assume 1.5 feet of sea level rise by 2050, aligning with a likely range of sea level rise 
associated with the intermediate scenario from Sweet et al. (2017) of between 1.1 and 1.8 feet by the year 2050.  
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Figure 5. Total Storm Surge and Sea Level Rise Damages Between 2020 and 2050 

 

Flood impacts (coastal and riverine) to business and employment: Sea level rise puts jobs at risk 
because places of employment along the Maine coast and inland stretches of tidally influenced rivers 
will be increasingly prone to flooding in the future. Similarly, jobs are located withƛƴ ǘƻŘŀȅΩǎ м ŀƴŘ лΦн 
percent annual chance floodplain. The maps in Volume 1. Vulnerability Mapping show the distribution of 
jobs at risk to current and future flooding. Table 24 summarizes lost annual GDP due to reduced 
employment under different flood hazard scenarios across the state.  

Table 24. Statewide Annual GDP Loss Due to Job Loss from Flood Exposure  

Flood Hazard Scenario Climate Projection 
Potential Statewide Annual 

GDP Loss (2019$) 

HAT + 1.6 ft sea level rise 
(coastal) 

Likely range 67% probability sea level rise is 
between 1.1 and 1.8 ft in 2050 

$118,756,887  

HAT + 3.9 ft sea level rise 
(coastal) 

Likely range 67% probability sea level rise is 
between 3.0 and 4.6 ft in 2100 

$664,907,953 

HAT + 8.8 ft sea level rise 
(coastal) 

Central estimate for a high sea level rise 
scenario for 2100 

$2,415,031,308 

1% annual chance flood 
(coastal & riverine) 

Present $1,197,487,410  

0.2% annual chance flood 
(coastal & riverine) 

Present $1,449,214,475 

Natural resource industries are ƛƳǇƻǊǘŀƴǘ ǘƻ aŀƛƴŜΩǎ ŜŎƻƴƻƳȅ. Table 25 shows how each flood scenario 
impacts these industries. Clearly, flooding risk may lead to the greatest loss of tourism jobs, which 
include tour operators, boat dealers, marinas, RV parks, accommodation, and food services (to name a 
few examples from this diverse group of jobs). This analysis of exposed job sites underestimates impact 
because it does not account for access to job sites. If the sites themselves are dry, they may still 
experience loss if all access points to the site are flooded.  
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Table 25. Natural Resource Industry Jobs Exposed to Current and Future Flood Risk 

Flood Hazard Scenario 
Number of Employees Impacted by Natural Resource Industry 

Forestry Agriculture Tourism Winter Tourism 

HAT + 1.6 ft sea level rise 0 0 331 0 

HAT + 3.9 ft sea level rise 0 12 1,699 384 

HAT + 8.8 ft sea level rise 30 39 4,966 1,251 

1% annual chance flood 6 28 2,818 425 

0.2% annual chance flood 8 28 3,196 486 

 

We used our storm simulation model to assess the potential impact of jobs lost ƻƴ ǘƘŜ ǎǘŀǘŜΩǎ ƻǾŜǊŀƭƭ 
employment and GDP as a result of constant sea level rise combined with repeated storm surges. We 
modeled 10,000 simulations of the model and ran several scenarios through REMI to see the impacts on 
gross domestic product and employment, respectively (Figure 6 and Figure 7). Overall, by the year 2050, 
the median gross domestic product from our simulations resulted in $2.1 billion less than 2019 values 
(The 10th percentile had a $1.1 billion reduction in gross domestic product while the 90th percentile 
scenario resulted in a $2.3 billion reduction [2012 US$],[Figure 6]). Our median simulations show that 
Maine would also have 21,549 fewer people employed in 2050 (The 10th percentile scenario resulted in 
11,344 fewer people employed in the year 2050, while the 90th percentile scenario had 23,880 fewer 
people employed in 2050 [Figure 7])12. These three percentiles are meant to show the possibilities of 
employment and gross domestic product as a result of varying storm scenarios. These should not be 
interpreted as a confidence interval as we only ran these three scenarios through REMI because it is not 
feasible to run all 10,000 simulations. 

 

 

 
12 In order to measure the percentiles of the job loss, we took the overall job-years lost by summing the jobs lost in 
each year over every scenario. With this method, the worst scenarios of storms equated to worse scenarios for 
jobs, while just looking at the year 2050 could be skewed from few storms until a bad storm in 2050. 
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Figure 6. GDP in Maine Between 2020 and 2050 Based on Job Loss Due to Sea Level Rise and 
Storm Surge 

 

 
Figure 7. Employment in Maine Between 2020 and 2050 Based on Job Loss Due to Sea Level 

Rise and Storm Surge 

 

Flood impacts to transportation: Current and future flood risk maps indicate that we can expect major 
disruptions to transportation infrastructure across Maine. Table 26 summarizes transportation 
infrastructure at risk to direct flood exposure (identified by overlaying transportation assets and flood 
risk zones through geospatial analysis). 






























































































